Ant surveys are extensively used to guide conservation decisions and form part of a 'shopping basket' of invertebrate taxa proposed for the use in monitoring programmes in South Africa's national parks. However, very few ant inventories exist for these conservation areas. We report on the first quantitative survey of ants in the Marakele National Park (67 000 ha). Ants were sampled in four habitats, covering both the altitudinal range (1000 m a.s.l. -2000 m a.s.l.) and three vegetation types in the park. A total of 4847 specimens, representing 29 genera and 104 species, were recorded from pitfall traps over a five-day period. Myrmicinae was the most abundant and diverse subfamily, representing 82% of all ants sampled, followed by the Formicinae subfamily, which represented 18% of the total abundance. The most abundant species were members of the Pheidole megacephala group, Pheidole sculpturata Mayr and members of the Monomorium salomonis group. In general, we found that the less complex habitats supported higher ant diversity. The Marakele National Park contains a quarter of the ant species recorded in South Africa and is a potential hotspot for invertebrate conservation.
Introduction
The lack of taxonomic invertebrate expertise poses a significant challenge to conservation-related decision making. This statement is particularly relevant to ants (Hymenoptera: Formicidae): although traditionally considered a 'difficult' group (Bolton 1984) , they are increasingly being used for environmental impact assessments (Andersen 1997) , monitoring environmental change (Kaspari & Majer 2000; McGeoch & Sithole 2009 ) and even as surrogates for insect species richness (Uys, Hamer & Slotow 2010) .
Ant surveys are generally considered to be a very rich source of data for conservation planning and management (Kremen et al. 1993; Yek et al. 2009 ). They can also be used to delineate biogeographic zones, areas of high general biodiversity and centres of evolutionary radiation (Kremen et al. 1993) .
Ant monitoring systems have been developed in Australia to assess restoration success after mining and have since been applied successfully in assessing grazing impacts in rangelands (Andersen et al. 2004) and in the Succulent Karoo (Seymour & Dean 1999) . Ant community data have been used predominantly to understand structural diversity in ecosystems, yet may prove to be seminal in studies attempting to answer important questions concerning functional biodiversity (Folgarait 1998) .
Ants are used as surrogates of ecosystems per se, because they form a staggeringly diverse and abundant group and constitute a substantial part of animal biomass (Hõlldobler & Wilson 1994) . Ants have invaded almost all ecosystems across the world; they are important ecosystem engineers (Samways 2005) and are significant predators of other terrestrial invertebrates (Hõlldobler & Wilson 1994) . There are also different functional groups amongst ants, displaying a wide range of life histories and food preferences (Andersen 2000) . They perform important ecosystem functions, for example myrmecochory (Giliomee 2003; Lingyel et al. 2009 ) and the maintenance of rare lycaenid butterfly populations (Pierce et al. 2002) . Above all, they are important ecosystem engineers. Fisher (2004) collected a total of 310 species across 56 genera on Mont Doubou in Gabon. In recent years, surveys of epigaeic ants in South Africa have yielded interesting baseline data that indicate effects of agricultural activity (Addison & Samways 2000; Gaigher 2008) , invasions by alien plants and the Argentine ant (Schoeman & Samways 2011) , fire regimes (Parr, Bond & Robertson 2002; Parr & Chown 2003) , vegetation types (Boonzaaier, McGeoch & Parr 2007 ) and predicted future climate change (Botes et al. 2006; Koch & Vohland 2004) on ant community assemblages. With such superdiverse assemblages, there are still gaps in our knowledge on the biology, ecology, taxonomy and distribution of ants in Africa. McGeoch et al. (2011) have recently identified five major groups that can serve as surrogates in conservation planning and monitoring, namely Araneae, Scarabaeidae (Coleoptera), Lepidoptera, Odonata and Formicidae (Hymenoptera). We report on an invertebrate study in the Marakele National Park, on the south-western border of the Limpopo province. The study aimed to determine ant diversity and generate baseline data that can serve as a reference for future studies in the Marakele National Park.
Although there are several type specimens from the Waterberg Plateau (Gardiner & Terblanche 2010; Sziits & Jocque 2001) , this study probably represents only the second over-arching invertebrate survey for this protected area, the first being a study on termites (Isoptera) by Sileshi et al. (2010) . The information from this study will contribute to the knowledge on invertebrates occurring across the network of South African protected areas.
Methods
The Marakele National Park (67 000 ha) is a sanctuary situated in the Waterberg region near the town of Thabazimbi in the Limpopo province, South Africa (Figure 1 ). It is a core conservation area in the Waterberg Biosphere Reserve. The park includes the highest point in the Limpopo province (2110 m a.s.l.). It receives 500 mm -750 mm rainfall per year and includes three vegetation types (Mucina & Rutherford 2006) , namely Western Sandy Bushveld, Waterberg Mountain Bushveld and Waterberg/Magaliesberg Summit Sourveld (Figure 1 ). The first two vegetation types mentioned are poorly protected in South Africa (Mucina & Rutherford 2006) . Figure 2c ). A total of 24 pitfall traps (diameter = 6 cm; depth = 10 cm) were placed in different patches at each site in February 2010. The traps were placed 20 m apart, flush with the soil surface, and care was taken not to disturb any existing leaf litter layers or nearby organic material in order to minimise digging-in effects (Greenslade 1973) . The traps contained 50 mL propylene glycol, which is non-lethal and does not have a scent that can attract or repel ants. The pitfalls were left out for a period of 5 days. Pitfall samples from each site were pooled.
Methods to process ants are described in Lattke (2000) . Sampled ants were washed to remove any rubble, leaves and soil. Ants were then placed in 70% alcohol (96% alcohol diluted with glycol) and then sorted according to morphospecies. These were further separated and identified to genus, subgenus, species group or species level according to the classifications by Agosti and Johnson (2005) , Bolton (1984) , Hõlldobler and Wilson (1994) and Taylor (2005) . Agosti and Johnson (2005) and Taylor (2005) have a complete list of taxonomic references. A reference collection is housed in the Arthropod Collection of the Department of Zoology at the University of Venda.
Species richness estimates and inventory completeness were calculated using Chao 1, a non-parametric technique based on the distribution of individuals amongst species (Colwell & Coddington 1994) :
where S obs is the observed species, F 1 the number of observed species represented by a single individual and F 2 the number of observed species represented by more than one individual. With increasing pitfalls added to a sample, the observed species richness usually approaches the estimated species richness, which is depicted graphically. As we did not have replicates for a site, we used the Chao1 estimator and calculated inventory completion by comparing the estimated species richness with the observed richness per site.
Simpson's diversity index is one of many diversity indices that calculate a measure of diversity for communities based on the number of species represented and also their relative abundances. A diversity index was calculated for each site according to
where N is the community size (i.e. En) and n is each population size.
Species turnover between sites was calculated from squareroot transformed abundance data using the Bray-Curtis similarity and hierarchically clustered using Primer 6 (Primer-E, Plymouth) ( Figure 3 ).
Results
A total of 4847 ants were collected. The ants were most abundant at the site of lowest altitude (M1), with 1737 individuals, followed by 1512 individuals collected at M3, 823 individuals at M2, and 775 individuals at M4. A total of 104 species across 29 genera were sampled (Tables   1 and 2 ), of which 18 were singletons that likely represent rare species and are not merely a result of undersampling.
Observed species richness for all samples approached 98% of the Chao 1 species richness estimates. Results for separate sites also show that sampling was relatively complete, with observed species richness approaching 89%, 98%, 96% and 97% of the estimated species richness for M1, M2, M3 and M4, respectively. The use of pitfall sampling allowed us to collect strictly epigaeic groups. The ant fauna profile could be completely different with another sampling method. Winkler traps may, for example, give different results with a very distinct fauna.
Diversity differed between sites, as shown by Simpson's diversity index: M3, the ecotonal site, was the most diverse (54 species, n = 1512, D = 3.48) followed by M1 (42 species, n = 1737, D = 2.33), whilst M2 (40 species, n = 823, D = 1.48) and M4 (35 species, n = 775, D = 177) had lower diversity than the other sites.
Five subfamilies were collected: Ponerinae, Dolichoderinae, Dorylinae, Formicinae and Myrmicinae. Myrmicinae was the most abundant and most diverse subfamily sampled (63 species, n = 4214), comprising 87% of ant abundance and 61 % of all species. Formicinae was the next most diverse and abundant subfamily (19 species, n = 364), comprising 18% of the total number of ant species sampled ( The least represented subfamilies were Dolichoderinae, with six species of Tapinoma, and Dorylinae, with three species of Dorylus.
As shown in Table 2 , the most abundant Myrmicinae species were Pheidole sp. 1 megacephala group (n = 1137), Pheidole sp. 2 capensis group (n = 147), Pheidole sculpturata (n = 486), Tetramorium quadrispinosum Emery (n = 208) and Monomorium sp. 4 salomonis group (n = 7780). All these species were common to all the sites. Other species that were not so abundant but still occurred across all or most sites were Monomorium sp. 3 destructor group, Pheidole sp. 2 rugaticeps group, Solenopsis sp. 4 and Tetramorium sp. 7 similimum group, which is a tramp species that occurred in many different habitats. Similarly, T. quadrispinosum co-occurred with the invasive Argentine ant (Linepithema humile) in studies of plant invasions in the Western Cape (Schoeman & Samways 2011 ).
Many species seemed to be localised or restricted to one habitat or altitude, for example Calyptomyrmex clavatus, Cardiocondyla emeryi, Messor denticornis and Myrmicaria fusca, as well as some highly localised Monomorium, Pheidole and Tetramorium species.
The most abundant Formicinae ants were Anoplolepis custodiens (n = 35), Camponotus sp. 8 rufoglaucus group (n = 125), Lepisiota capensis (n = 38) and Paratrechina sp. 1 (n = 49). Of these, Paratrechina sp. 1 was the only species restricted to M3. Localised species were less abundant and included Camponotus (Myrmacrhaphe) sp. 1, Camponotus mayri, Lepisiota rubrovaria group (both species sampled) and Plagiolepis puncta (Table 2 ).
All species of the Dorylinae and Dolichoderinae subfamilies were sampled only in M3, with the exception of Tapinoma voeltzkowi Forel (found at all sites), Tapinoma sp. 2 and Dorylus (Dorylus) sp. 1.
The most abundant ponerine ant was Hypoponera similoponera group (n = 102). The remaining ponerine ants were restricted to single sites, with the exception of Pachycondyla granosa, which was found in two sites. Ponerinae species are generally rarer than other ants, but in the Marakele National Park the assemblage seems to combine rarity with diversity (12 species, n = 173). It is also worth noting that both the known species of Odontomachus occur in the park.
Some ant species were sampled only in specific vegetation types, indicating that the ant assemblages here differ between the different habitats. Nearly half of all sampled species (n = 56; 53%) were restricted to a single site. The percentages of species sampled only in M1, M2, M3, and M4 were 38%, 38%, 33% and 20%, respectively. Considerable variation in species assemblage composition was found between sites, with no one site sharing more than 39% of the species. M1 and M2 clustered together with a Bray-Curtis similarity of 39, whilst M3 and M4 formed a group based on a similarity of 41 (Figure 3 ). M2 and M4 were the least similar (similarity = 25). There was a clear distinction between high (M3 and M4) and low (M2 and M1) elevational ant assemblages according to latitude.
Discussion
Although sampling lasted only 5 days, it was across a representative altitudinal range and vegetation types occurring in the park. The survey therefore approximates most of the ant genera in the park. Inventory completion was satisfactory and suggests that sampling effort was sufficient for the habitats surveyed. Approximately 415 ant species are known in South Africa (Taylor 2005) , although there are certainly more. The Marakele National Park, which covers a land surface of 67 000 ha, hosts approximately a quarter of these species. It is probable that some species found in this study have not previously been recorded in South Africa. This observation compares particularly well with the situation in the Kruger National Park, where 162 species have been recorded over an extended period (Parr et al. 2004) . The species richness also compares well with that of an altitudinal transect (160 km) in the Cederberg mountains in the Western Cape (Botes et al. 2006) , in which 86 species were recorded using substantially more intensive sampling (> 50 000 specimens).
The survey reported here provides comprehensive baseline data across the altitudinal sweep and vegetation types at the Marakele National Park. Based on the low Bray-Curtis similarities (i.e. < 40), there is considerable turnover between sites. This highlights the importance of conserving different vegetation types for the maintenance of ant diversity in Marakele. The two most diverse sites were M1 and M3. M1 was vegetationally complex, with more trees and more canopy cover than the other (Figure 2 ). M3 was situated on an ecotone between Waterberg Mountain Bushveld and Waterberg-Magalies Summit Sourveld (Figure 2 ), which may account for the high diversity at this particular site. This suggests that the physical structure of the vegetation (and hence habitat) may play a role in promoting greater ant species richness (Lubertazzi & Tschinkel 2003) . However, results obtained by Lassau and Hochuli (2004) showed that ant species richness was negatively associated with ground herb cover, tree canopy cover, soil moisture and leaf litter. During the course of sampling, we also noticed that there was a greater degree of large herbivore trampling in these sites (Ml for instance was close to a rhino latrine). Other studies have shown that large herbivore trampling stimulates invertebrate diversity by creating a more heterogeneous habitat (Tscharntke & Greiler 1995) .
M2 and M4 yielded a lower species richness than the other sites. The low diversity at M4 may be accounted for by the fact that it is situated at the highest peak in the Waterberg. Studies have shown that diversity decreases with increasing elevation (McCoy 1990) owing to a decrease in net primary productivity. For the current study, however, there seems to be no clear relationship between elevation and diversity, as our most diverse site was located at 1587 m a.s.l., being the third highest site in the study.
With regard to community composition and similarity, M1 and M2, and M3 and M4 clustered together, respectively ( Figure 3 ). However, as stated before, the turnover between these sites is considerable. We could not deduce any discernable patterns of higher taxonomic level dissimilarity between the sites, except for M4, which displayed reduced Myrmicinae ant species richness, specifically with reference to Monomorium species. M3 displayed a greater diversity and abundance of Dolichoderinae and Dorylinae ants than the other sites, where these subfamilies were poorly represented.
So far, though, studies indicate that the physical structure of the habitat can have a distinct effect on composition of the ant communities, affecting niche differentiation and distribution within these habitats (Legendre, Borcard & Peres-Neto 2005) . In Marakele, the presence of large herbivores, combined with vegetational complexity, plays a role in the actual generation of ant species richness within sites, whilst community composition here is largely determined by vegetation type. More realistically, ant community assemblages function as important ecosystem engineers that change a habitat whilst being changed by the habitat in a functionally changing ecosystem.
The survey was conducted over a relatively short period using only one sampling technique and therefore our data may not be a true reflection of the total ant species diversity in the park. Further studies should include long-term monitoring at a site and management objectives in design of the sampling protocol.
Surveys of epigaeic ants suggest that abundances and assemblage composition differ between biomes not only as a result of change in vegetation (Botes et al. 2006) but also in response to net primary productivity (Kaspari, O'Donnell & Kercher 2000) . Whether ant community composition differs between vegetation types or units within a biome still needs to be determined; thus far our results suggest that this may be the case. However, we caution that previous studies have shown that differences in invertebrate community assemblage of replicates in the same vegetation type might differ more from each other than assemblages in other vegetation types in the same biome (Muelelwa et al. 2010) .
Our assumptions of what exactly constitutes a habitat would therefore need reassessment.
Conclusion
Our results suggest that the Marakele National Park, and by extension the Waterberg region, is a hotspot for ant diversity in South Africa. It may be worth testing whether the groups identified by McGeoch and Sithole (2009) can act as surrogates for one another in any projected future monitoring programmes. To this end, detailed and freely available inventories of ants, butterflies, dragonflies and scarab beetles need to be compiled for all protected areas in South Africa. So far, an inventory of spiders has been compiled as part of SANSA. Such inventories will not only make a significant contribution to existing knowledge of insects in South Africa's protected areas, but will also facilitate movement towards full-scale use of invertebrates in monitoring and other conservation activities.
